Objective: The purpose of this study was to examine differences between older and younger listeners in the ability to sequentially attend to and ignore words.
INTRODUCTION
The most problematic listening situations reported by older individuals are when they must comprehend one message in the presence of one or more competing talkers (Agus et al. 2009 ). An increasing number of research studies have verified these reports, with older listeners experiencing more difficulty than younger individuals in tasks of competing speech perception (Carhart & Tillman 1970; Duquesnoy 1983; Tun & Wingfield 1999; Tun et al. 2002; Li et al. 2004; Humes et al. 2006; Helfer & Freyman 2008; Singh et al. 2008; Agus et al. 2009; RossiKatz & Arehart 2009; Helfer et al. 2010; Ezzatian et al. 2011) .
Competing speech can produce both energetic masking (when peripheral resources that are needed to respond to the target speech are not available, because they are being recruited to process the masking speech) and informational masking. Informational masking can take a number of different forms. One aspect of this type of masking is related to confusion or uncertainty regarding which signal is to be attended and which is (or are) to be ignored. Research to date suggests that aging does not seem to make individuals more susceptible to this form of informational masking (e.g., Li et al. 2004; Helfer & Freyman 2008; Agus et al. 2009 ).
Then, why do older individuals have so much difficulty in these competing speech situations? The ability to understand a message in the presence of competing speech requires that the listener not only comprehend the message of interest but also separate the incoming auditory signal in streams, figure out what or to whom to attend, and ignore the background conversations. The hearing loss experienced by most older individuals is undoubtedly a strong contributor to problems understanding the target message, because it leads to increased susceptibility to energetic masking (e.g., Arbogast et al. 2002; Li et al. 2004; Moore 2007; Agus et al. 2009) . Results of some studies suggest that only minimal differences between older and younger listeners in competing speech tasks are found once peripheral factors are taken into account (Schneider et al. 2000; Li et al. 2004; Murphy et al. 2006 ). However, given that the ability to attend to or suppress information takes cognitive mediation and that aging affects many cognitive functions, it is not surprising that vulnerability to energetic masking cannot entirely explain the problems that older adults have when speech is masked by other speech. For example, older listeners experience a greater decrement in speech understanding than younger listeners do when comparing intelligible with nonintelligible speech maskers that are equated for energy (e.g., Rossi-Katz & Arehart 2009; Helfer et al. 2010) , which cannot be explained by susceptibility to energetic masking. The finding that older individuals are less able to take advantage of the target and masking speech being spoken by opposite-sex talkers (e.g., Helfer & Freyman 2008) , even when audibility for the older listeners is ensured via spectral shaping (Humes et al. 2006; Humes & Coughlin 2009 ) also suggests that nonperipheral factors contribute to older adults' problems in complex listening situations.
The pattern of results to date, we believe, supports the idea that older listeners are susceptible to another type of informational masking: distraction caused by a meaningful speech signal. There is ample evidence to suggest that aging brings about a decline in the ability to inhibit meaningful auditory information (e.g., Sommers & Danielson 1999; Tun & Wingfield 1999; Tun et al. 2002; Helfer & Freyman 2008; Helfer & Vargo 2009 ). Problems with inhibition may lead to reduced ability to ignore distracting signals and difficulty deleting information that is no longer relevant (e.g., Lustig et al. 2001) . Reduced working memory capacity may underlie problems ignoring background conversations, as individual differences in working memory are related to susceptibility to meaningful auditory distraction (Beaman 2004; Sorqvist 2010) . Moreover, meaningful background speech may interfere with the encoding of information into memory, as processing resources must be expended on segregating the target message from the background, leaving fewer remaining resources for the encoding process (Heinrich et al. 2008) . Research that has attempted to identify connections between memory/working memory and competing speech perception has led to no definitive answer (e.g., Humes et al. 2006; Neher et al. 2009 Neher et al. , 2011 .
The purpose of this study was to identify how aging affects susceptibility to the part of informational masking that involves ignoring or inhibiting competing speech. Separating energetic and informational masking in a competing speech task is complicated, as in most paradigms speech maskers cause both types of disruption. In the present study, we used a nonsimultaneous competing speech task to emphasize the role of higher-level factors. The specific task used was one developed by Kidd et al. (2008) , in which listeners hear two temporally interleaved fiveword sentences. This task (which is an adaptation of a similar paradigm described in Broadbent 1952) requires participants to repeat back every other word while ignoring the intervening words. Nonsimultaneous presentation of the target and interfering words minimizes peripheral interference Best et al. 2011) . Hence, age-related changes noted on this task, for the most part, cannot be explained by differences in susceptibility to energetic masking.
*
We compared older and younger adults' understanding of interleaved words while manipulating a number of factors that are known to affect the processing of these stimuli. One variable that was examined in the present work was whether the to-be-ignored and to-be-attended words came from the same or from different spatial locations. Studies of simultaneous masking have found a reduction in older adults' ability to benefit from spatial separation of a target speech sound from a masking speech sound (e.g., Murphy et al. 2006; Marrone et al. 2008; Helfer et al. 2010) . It seems that much of the reduced spatial release from masking obtained by older adults in competing speech tasks can be attributed to peripheral factors (e.g., Marrone et al. 2008) . However, there is evidence suggesting that cognitive abilities may limit older adults' benefit from spatial separation of speech sources (e.g., Neher et al. 2009 ). In theory, the spatial benefit obtained using nonoverlapping temporally interleaved stimuli should not be affected by peripheral hearing loss, because there is little or no energetic masking to release. Hence, determining how spatial separation alters the perception of these stimuli will give insight into how nonperipheral factors affect spatial hearing in older adults.
We also examined the influence of two other variables: (1) talker consistency (that is, whether the same talker was used for each target word within a trial, or whether a different talker was used for each word) and (2) syntactically correct versus randomword order. Kidd et al. (2008) found both of these factors to be important determinants of younger adults' performance on this interleaved word task. There is reason to believe that aging may affect individuals' use of each of these variables. Evidence suggests that older adults are less able to encode and/or use information about the talker's voice (e.g., Naveh-Benjamin & Craik 1995; Yonan & Sommers 2000) . Problems in encoding or using voice information could lead to listeners' perception of different voices being more similar to one another. This would be expected to result in a smaller difference on talker-same versus talker-different trials between our older and younger listeners. Difficulty using indexical information might also be expected to lead to reduced ability to use differences between the target and masking talker to help remember the words. If this is the case, we might expect to see larger group differences in talkerconsistent trials versus talker-varied trials.
Past research has also demonstrated that older adults rely more on top-down information (such as sentence context) than do younger listeners (e.g., Pichora-Fuller et al. 1995; Wingfield 1996; Wingfield & Tun 2001) . This would lead to the expectation that older listeners would be at a greater relative disadvantage than younger listeners when a trial consists of five random words versus when those words are in correct syntactic order (and, therefore, create a meaningful sentence that provides syntactic structure). Both of these ideas are tested in the present study.
The task used in this investigation may place a relatively heavy load on memory, as participants must recall five out of the 10 words heard. Age-related decrements in memory span may therefore play an important role in differences obtained between our older and younger participants. We used both digitspan-forward (to measure short-term memory) and digit-spanbackward (to assess working memory) to determine how these aspects of memory affect the ability to remember and repeat back some words while ignoring others. We anticipated finding significant associations between our digit-span metrics and performance on the interleaved sentence task.
MATERIALS AND METHODS

Participants
Two groups of listeners (n = 13/group) participated in the experiment, which was completed in one 1-2-hour session. One subject group consisted of college-aged adults (range: 19-24 years, mean age: 21 years) with normal pure-tone thresholds (although one subject was found to have thresholds of 30 dB HL at 4 kHz and 40 dB HL at 6 kHz in one ear, we decided to retain her data because she was one of our best performers). The second group contained older individuals (range: 61-89 years, mean age: 70 years) with no more than a moderate hearing loss up to and including 4 kHz. As subjects were screened for a negative history of otologic disorder, neurologic problems, and significant noise exposure, the probable etiology of hearing loss was presbyacusis. All participants had bilaterally normal tympanograms on the day of testing, suggesting normal middle ear functioning. Composite audiograms for both participant groups are shown in Figure 1 . It is apparent that some of the *On the basis of the finding that performance obtained with no masker and with interleaved samples of noise is equivalent (and better than that obtained with interleaved speech) in young normally hearing listeners, Kidd et al. (2008) concluded that it was unlikely that nonsimultaneous energetic masking affects this task. It is possible that our older subjects did experience some peripheral interference because of increased susceptibility to forward masking. However, we believe that any effect of nonsimultaneous masking should influence all masked conditions equally and therefore differences among the experimental manipulations, or between different types of benefit across groups, must be attributable to some other factor(s).
older subjects had substantial hearing loss at 6 kHz, 8kHz, or both. Analysis of variance (ANOVA) on the better-ear highfrequency average (average of pure-tone thresholds at 2, 4, 6, and 8 kHz) showed that the older group had significantly poorer hearing than the younger group (F [1, 24] = 33.2, p < 0.001).
Digit-Span Test
Participants completed both forward and backward versions of a digit-span test, administered via auditory presentation by presenting strings of digits of increasing length, beginning with two-digit strings and ending with a maximum of nine-digit strings. Digit-span-forward is generally considered to be a measure of short-term memory, whereas digit-span-backward is thought to provide insight into working memory (i.e., the ability to both remember and manipulate items). An experimenter read lists of digits in a monotone voice at the rate of approximately 1 per second using a normal-to-loud conversational vocal level. Subjects reported back the digits in the order heard (for digitspan-forward) or in the reverse order (for digit-span-backward). When a string was reported incorrectly, another string of the same length was presented; the test continued with a longer string if this trial was correct and was stopped if this trial was incorrect. An individual's digit-span score was the length of the last correctly reported string.
Interleaved Speech-Recognition Task
Speech-recognition data were collected in a double-walled International Acoustics Company sound chamber. Two loudspeakers (Realistic Minimus 7) were used to present the speech stimuli, one directly in front of the listener and the other at 60 degrees to the right of the participant. The loudspeakers were placed at a distance of 1.3 m from the participant's head at a height of 1.2 m from the floor, approximately ear-level height for the average seated listener. Stimuli were played out of a computer's sound card, attenuated (TDT PA4), amplified (TDT HBUF5), and then power amplified (TOA P75D) before being sent to the loudspeaker(s).
The stimuli consisted of a set of 40 monosyllabic words developed by Kidd et al. (2008;  see that article for a full description of stimulus generation). A grid displaying the words is shown in Table 1 . This grid was available to the participants throughout data collection. The words are divided into five categories (names, verbs, numbers, adjectives, and nouns). Each word was recorded in isolation from 16 talkers (8 male, 8 female). The duration of each word ranged between 385 and 1051 msec (mean: 624 msec). With the exception of the first two blocks of trials (see the last paragraph of this section), two 5-word strings were presented per trial, with each sentence containing one word from each of the five categories. The two sentences were presented in interleaved fashion, in which the 10 words (5 for each sentence) were concatenated but did not overlap in time. Participants were instructed to repeat back every other word beginning with the first word and to ignore the intervening words. All words were equated for root-mean-square amplitude and were played at a level of 60 dBA.
Three variables were manipulated in the present study. First, in half of all trials, all the words were presented from the front loudspeaker (front-front [FF] ); in the other half of the trials, the to-be-attended five-word sentence (hereafter referred to as the target) was presented from the front, and the to-be-ignored sentence (hereafter referred to as the masker) was presented from a loudspeaker located 60 degrees to the right of the listener (front-right [FR] ). Second, in half of all trials, each of the two 5-word utterances formed a syntactically correct sentence; that is, the five words were presented in sequential order as was displayed on the response grid (Table 1) . On the other half of trials, the word order was random within the fiveword sentences, with one word presented from each column. The third factor examined was talker consistency. On half of all trials, the target talker and the masker talker varied from word to word. During other trials, the same talker was used within a trial for the target, and a single (different) talker was used for the masker. Half of these talker-fixed trials used same-sex talkers for the target and masker; the other half used differentsex talkers for the target versus the masker. Trial type was blocked, with 30 trials presented per block and one block completed per condition. The first five trials in each block were considered practice and were not scored. Hence, each block of trials represents 125 scored items per subject (25 trials × 5 words/trial). To measure baseline performance (i.e., without interleaved distractor words), the first block consisted of single five-word sentences presented in syntactically correct order, and the second block was single five-word sentences presented in random order, both with silence in place of the distractor words. The remaining eight blocks (all combinations of the 2 spatial conditions, the 2 syntactic conditions, and the 2 talker-consistency conditions) were presented in randomized order across listeners. A grid of the response alternatives was displayed throughout the test session. Participants repeated their responses, which were entered online by an experimenter. Although subjects were told to repeat the words in the order in which they were heard, responses were scored as correct even if they were said in incorrect order.
RESULTS
Digit Span
The average digit-span-forward was 7.5 in our younger subjects and 7.1 in our older subjects, and the mean values for digit-span-backward were 4.8 for the younger participants and 5.5 for the older subjects. Available norms for digit-spanforward suggest that both groups of participants had short-term memory typical of individuals in their age range (with reported digit-span-forward averages for younger individuals of 7.6 and for older adults, 7.1; Bopp & Verhaeghen 2005) . ANOVA on the digit-span scores indicated that the groups did not differ signifi- 
Recognition of Interleaved Words
ANOVAs on the percent-correct scores were used to analyze differences between groups and between conditions (spatially coincident versus spatially separated, consistent target talker versus varied target talker, and syntactically correct-word order versus random-word order). It should be noted that analyses were also conducted with these data transformed into rationalized arcsine transform units (Studebaker 1985) . Results of the two sets of data analyses (on percent-correct scores and on scores converted to rationalized arcsine transform units) were identical in terms of significant versus nonsignificant findings.
The first two blocks of trials required participants to repeat back five-word utterances without interleaved words. In the first block (in which the five words were presented in correct syntactic order), performance was near ceiling for both groups (younger: 99.2% correct, older: 98.6% correct). Performance on the second block, in which five words were presented in random order, was similarly high (younger: 97.3% correct, older: 95.3% correct). ANOVAs showed nonsignificant group differences for both of these blocks (correct syntactic order: F[1, 24] = 1.23, p = 0.278; random syntactic order: F[1, 24] = 1.44, p = 0.242).
Performance for the interleaved stimuli is shown in Figure 2 . These data were analyzed using repeated-measures ANOVA, with subject group as a between-subjects factor and syntactic condition (syntactically correct versus random-word order), talker consistency (fixed versus variable talkers), and spatial condition (spatially coincident/FF versus spatially separated/FR) as within-subjects factors. Results of the ANOVA showed significant main effects for all three within-subjects factors (syntactic condition: To explore the significant interaction between spatial condition and subject group, post hoc t tests were conducted, with percent-correct scores averaged for all FF conditions and for all FR conditions. This analysis showed that group differences were statistically significant for the spatially coincident FF condition (t = 2.76, p = 0.011) but not for the FR condition (t = 1.62, p = 0.118).
Simple difference scores were calculated for each of the within-subjects variables (spatial configuration, talker consistency, and syntactic structure) to further examine interaction effects. These difference scores are displayed in Figure 3 . The top panel shows spatial benefit, which was the simple difference between performance in the spatially coincident FF condition and the spatially separated FR condition. It is apparent that older listeners obtained greater spatial benefit than younger listeners did. Moreover, spatial benefit was greater when the words were presented by multiple talkers within a trial (talker-varied conditions) than when they were spoken by a single talker (talker-fixed conditions).
The middle panel in Figure 3 depicts the benefit of talker consistency (talker-consistent scores versus talker-variable scores). It can be observed that the Significant Spatial Condition × Talker Consistency interaction was influenced by the larger talker-consistency benefit for spatially coincident FF trials versus spatially separated trials. Also of note is that older participants had a larger benefit from a consistent talker than younger subjects did in all conditions, although it must be noted that the interaction of Talker Consistency × Group just missed statistical significance. Syntactic benefit (performance on syntactically correct conditions versus random-word-order conditions) can be seen in the bottom panel in Figure 3 . Providing syntactic structure was more important when the talker varied from word to word than when the same talker was used within a trial. In addition, although the interaction with group just missed statistical significance, it can be observed that younger listeners derived more benefit in each condition from syntactically correct-word order than did the older adults.
Error Types
Participants could make several kinds of responses: they could correctly report a target word; they could respond with a word from the masker; they could reply with a word that was in neither the target nor the masker; or they could omit a word from their response (i.e., their response to that trial contained fewer than 5 words). We analyzed the types of error responses by comparing masker errors (when listeners responded with a to-be-ignored word) and nonmasker errors (when subjects replied with a word that was not presented during that trial or responded with fewer than 5 words). We speculate that, if older adults had more difficulty than younger listeners did in suppressing irrelevant information, there would be greater group differences in the proportion of masker errors than in the proportion of nonmasker errors. Nonmasker errors produced in simultaneous speech-on-speech masking tasks are generally attributed to energetic masking (e.g., Brungart 2001; Kidd et al. 2005; Ihlefeld & Shinn-Cunningham 2008; Iyer et al 2010) . In the present task (for which energetic masking is not a primary issue), these errors likely reflect a strategy based on guessing.
The percentage of the two types of error responses are depicted in Figure 4 for each group, with errors averaged across conditions. Although both groups of participants made more masker errors than nonmasker errors, this was especially true of the older subjects. T tests on the nonmasker and masker error proportions showed a significant difference between groups for masker errors (t = 2.37, p = 0.026) but a nonsignificant difference for nonmasker errors (t = 1.92, p = 0.07).
Correlations Among Measures
We calculated Pearson r correlations to examine the connections among digit-span scores, high-frequency hearing loss (the average of better-ear thresholds at 2, 4, 6, and 8 kHz), and recognition of interleaved words for each of the two groups. We speculated that memory would be more important for performance in the random-word-order conditions (in which the target utterance did not have syntactic support to help the listeners remember the words) than in the syntactically correctword-order trials. To test this idea, scores across conditions were averaged to get a mean percent-correct score for syntactically correct presentation and an average metric for randomword-order conditions. For the younger listeners, there were no significant associations between either digit-span score or audiometric thresholds and performance on the interleaved word task. However, a different picture emerged for the older participants; results of this correlation analysis can be seen in Table 2 . Here, digit-span-forward scores were strongly correlated with performance in both the random-word-order condition (r = 0.67, p < 0.05) and in the syntactically correct-word-order condition (r = 0.70, p < 0.01). These associations are depicted in the scatterplots shown in Figure 5 . It seems that short-term memory contributed to the ability of older subjects to perform this task, regardless of whether the target utterance provided syntactic structure. Neither digit-span-backward scores nor the Fig. 3 . Difference scores derived for the three within-subjects variables. The upper panel shows spatial benefit (spatially separated FR trials versus spatially coincident FF trials). The middle panel displays talker consistency benefit (talker-consistent trials versus talker-variable trials). The bottom panel represents syntactic benefit (syntactically correct-word-order trials versus random-word-order trials). FF, target and masker presented without spatial separation, both from a front loudspeaker; FR, target and masker presented in a spatially separated fashion, with the target words coming from the front and the masker words delivered by a loudspeaker located 60 degrees to the right of the participant. Error bars represent the SE.
high-frequency pure-tone average was significantly associated with any other variable.
DISCUSSION
Older participants in the present study experienced more difficulty with this interleaved speech task, compared with younger listeners. Although there was minimal difference in performance accuracy between groups for the five-word strings presented without interleaved maskers, significant differences in scores were noted when the words were presented in interleaved fashion, especially when all words were presented from the same spatial location.
These results provide evidence of a deficit in the ability to alternately attend to and ignore sequentially presented words, likely related to selective attention, short-term memory deficits, or both. Because the task used in this study greatly reduced energetic masking, the present results support the idea that problems experienced by older adults in competing speech tasks (e.g., Carhart & Tillman 1970; Duquesnoy 1983; Tun & Wingfield 1999; Tun et al. 2002; Li et al. 2004; Humes et al. 2006; Helfer & Freyman 2008; Singh et al. 2008; Agus et al. 2009; Rossi-Katz & Arehart 2009; Helfer et al. 2010) are not entirely caused by increased susceptibility to energetic masking. This is also supported by the fact that different experimental conditions showed greater or lesser deficits in older adults relative to the younger group.
The finding of overall poorer performance by our older participants on this speech perception measure was not surprising. However, some of the other results found in the present study were unexpected. One of these concerns the finding of greater spatial benefit by our older subjects (Fig. 3) . A body of previous work has shown reduced spatial release from masking (SRM) in older adults during simultaneous speech-on-speech masking paradigms (e.g., Murphy et al. 2006; Marrone et al. 2008; Helfer et al. 2010) . One question that has been raised is whether this reduced SRM in older adults is driven by threshold elevation or by other factors related to aging. The fact that peripheral hearing loss likely had little influence on our nonsimultaneous task (as indicated by the lack of a significant correlation between pure-tone hearing loss and recognition performance) suggests that reduced SRM in older listeners found in simultaneous masking tasks is related to primarily peripheral factors. However, results of a recent study by Best et al. (2011) using the same stimuli as in the present experiment may complicate this interpretation. In that experiment, young hearing-impaired listeners obtained less spatial release from masking than their normally hearing counterparts did. It should be noted, however, that there are a number of procedural differences between these two studies. For example, Best et al. used headphone presentation and interaural delay of the masker to produce spatial separation, whereas actual physical separation was used in the present investigation. Perhaps even more significant is that the participants in the work by Best et al. had more hearing loss than the older adults did in our study and the probable etiology of their hearing loss was also different. Regardless, the results of the present study suggest that older adults do not necessarily experience a breakdown in the ability to use spatial cues.
We had speculated that older participants might receive less benefit from having the same talker say each target word on a given trial if they had reduced ability to encode information about the talkers' voices. The effect of talker consistency did not differ significantly between groups, and it is clear that older adults were able to use this information at least as well as younger listeners (Fig. 3) . It is feasible that talker-consistency effects reflected how listeners were able to benefit from reduced variability within a trial rather than the degree to which they were able to use voice information. Having a consistent talker from word to word might have served to reduce the uncertainty within a trial, which perhaps was able to override any age-related reduction in the ability to use information about talkers' voices. This argument is supported by the finding that the benefit of talker consistency was greater in the spatially coincident FF conditions than in spatially separated FR conditions. In other words, when listeners were given spatial cues that clarified the target words, the effect of talker consistency was much less important. When all the words came from the same location, listeners' ability to benefit from a consistent talker took on greater importance. Moreover, differences in performance between younger and older listeners were larger for talker-fixed (compared with talkervaried) trials, a finding that could be interpreted as indicating that older adults are less able to use consistent voice information to help remember the target words. It is clear that additional work needs to be done to understand how aging affects listeners' use of indexical information in tasks of speech understanding.
Another unexpected result was that younger listeners were able to use correct syntactic word order at least as well as older participants. A good deal of previous research suggests that older adults rely on higher-level information such as context more than younger listeners, leading to greater contextual benefit compared with that obtained by younger listeners (e.g., Pichora-Fuller et al. 1995; Wingfield 1996; Wingfield & Tun 2001) . We offer two possible explanations for our findings. First, context in the present task involved supplying a syntactic framework, whereas context in other studies of speech understanding typically means giving the listener semantic cues within the sentence to help decipher a target word or words. Although it is true that providing a syntactical framework in the present study also served to give some semantic structure, it is perhaps not surprising to find differential effects of aging among tasks in which what is meant by "provision of context" differs substantially. Another possible explanation for our finding that older adults did not receive more benefit from context lies in the nature of target and masker presentation. During syntactically correct trials, both the target and masking words created syntactically plausible sentences. It is possible that older listeners had a more difficult time ignoring the syntactically correct masker during syntactic trials (although, at least for younger listeners, linkage variables applied to the masker seem to have little effect on performance-see Kidd et al. 2008) . Our results suggest that the assumption that older adults make better use of context than younger listeners do cannot be extended to all listening tasks. Perhaps the most unexpected finding in the present study was the fact that digit-span scores did not significantly differ between our younger and older groups of listeners. This suggests that our older listeners were likely quite high functioning in terms of memory compared with their age peers. However, it is interesting to note that forward digit-span scores were significantly associated with performance on our speech-recognition task, suggesting that age-related decline in short-term memory played a role in our findings. We had anticipated that memory would be important for this task but were surprised to note that digit-span forward, but not digit-span backward, was significantly associated with the recognition of interleaved words. It is not clear to us why this pattern of results was obtained. It could be argued that successful performance on the primary task required both short-term memory skills (to remember the target words) and working memory ability (as some manipulation of the to-be-remembered words was required to sort out which should be attributed to the target talker). In fact, the finding that older adults produced substantially more masker errors than younger adults did supports the contention that our older participants had difficulty determining whether to-be-heard words were from the target or the masker. This result, however, also could be an indication of reduced ability to inhibit the to-be-ignored words. Currently, we are at a loss to explain why digit-span forward was more closely associated with task performance than was digit-span backward.
Of course, the task used in this study is not one that is encountered in day-to-day listening, as people rarely need to ignore every other word in actual communication. Previous research suggests that sequential streaming is related to the ability to separate the voices of simultaneous talkers (e.g., Mackersie 2003) , giving credence to the relevance of this task to speech understanding in complex listening environments. The pattern of results shown in this study (significantly poorer perception of interleaved speech and a greater proportion of masker errors found in older versus younger adults, combined with performance related to shortterm memory but not degree of hearing loss) supports the idea that nonperipheral factors, in part, mediate age-related changes in speech understanding. However, it also is possible that subtle changes in suprathreshold abilities (which could be either peripherally or centrally mediated) influenced performance on this task. Irrespective of the source of the problems, our results support the idea that solutions to age-related speech understanding deficits need to look beyond treating presbyacusis via methods designed only to increase audibility. Future work should be conducted to clarify the relative importance of understanding the message of interest versus inhibiting distracting speech to make headway in improving how we remediate age-related problems with communicating in complex environments.
